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(54) SURFACE-ROUGHENED AROMATIC POLYIMIDE HLM AND METHOD FOR PRODUCING 
THE SAME 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a surface-roughened aromatic polyimide film which is 
effectively roughened at the surface, resulting in a modified adhesion. 
SOLUTION: The surface-roughened aromatic polyimide film comprises a particle contained 
inside the film, wherein the particle has the following relations to regulate within their respective 
defined ranges: the relation between an average particle size a (|j.m) of the particle and an 
average roughness (Ra) of the film surface; and the relation between the average roughness 
(Ra) and the maximum roughness (Rmax) of the film surface. The method for producing the 
surface-roughened aromatic polyimide film is characterized by dispersing an abrasive agent 
having a specific gravity (d) of 7 or less in a liquid, which was then ejected on the surface of an 
aromatic polyimide film. 
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* NOTICES ^ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)l 

[Claim l] The surface roughening aromatic series polyimide film characterized by being 
the aromatic series polyimide film with which the particle contained inside the film and 
surface roughening of the firont face was carried out, expressing the mean particle 
diameter alpha of this particle (micrometer), and relation with the average of roughness 
height on the fi*ont face of a film (Ra) with following the (l) type, and expressing the 
relation between the average of roughness height on the front face of a film (Ra), and 
the maximum granularity (Rmax) with following the (2) type, 
alpha / 5 <= Ra<alpha (l) 
Rmax<10Ra (2 

[Claim 2] The manufacture approach of the surface roughening aromatic series 
polyimide film according to claim 1 characterized by for specific gravity (d) distributing 
seven or less abrasive material into a liquid, and irradiating this on the firont face of an 
aromatic series polyimide film. 

[Claim 3] The manufacture approach of the surface roughening aromatic series 
polyimide film according to claim 2 characterized by expressing with following the (3) 
type the content w of the abrasive material by which a liquid is contained in a liquid in 
water or alcohol (% of the weight). 
201nd<w<201n(d)+50 (3) 

(However, In is a logarithm which sets the number of bottoms to e, and d is the specific 
gravity of an abrasive material.) 

[Claim 4] The manufacture approach of the surface roughening aromatic series 
polyimide film according to claim 2 or 3 characterized by being the inorganic particle to 
which an abrasive material has the Mohs hardness of the range of 1-4. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface roughening polyimide film 
which demonstrates the property which was excellent in the application field with the 
base material thinner than a polyimide filni directly pasted up on a film plane in more 
detail, and its manufacture approach about the aromatic series polyimide film excellent 
in the adhesive property. 
[0002] 

[Description of the Prior Artl Although there was the approach of considering as the 
approach of carrying out surface roughening of the front face in order to improve the 
adhesive property of a film, adding a particle in a polymer, and producing this, the 
adhesive improvement effect was [ that it is hard to carry out surface roughening of the 
firont face ] small only at it. On the other hand, there were also the approach and the 
electric processing which damage a front face as an approach of improving an adhesive 
property. As an approach of damaging a firont face, drug solution processing and a sand 
mat are known. However, in electric processing, when passed through the rinsing 
process, there was a fault whose effectiveness is lost. With a sand mat, since a direct 
abrasive material was irradiated, in order that stress might concentrate on an exposure 
part, with a thin film, there was a fault that a pinhole will open, especially that it can be 
tended to perform a big and rough projection. 

[0003] In many cases, through adhesives, a metallic foil is made to rival or the 
laminating of the polyimide film is carried out to a direct metal layer. A metal layer is 
etched after that and a circuit is formed. Furthermore, when pasting up 
semi-conductors, such as IC chip, on the part which polyimide exposed with adhesives, 
since it passes along an etching process, as for electric processing, an adhesion 
improvement effect becomes small. Then, effectiveness was small, although it 



considered as the approach of carrying out surface roughening only of the filni surface 

part and drug solution processing was also known. 

[0004] 

[Problem(s) to be Solved by the Invention] The oligomer originating in the 
low-molecular polymer produced diu'ing film production or a decomposition product etc. 
moves a polyimide film to a front face through the interface of the interior of a polymer, 
or an addition particle, and a surface brittle layer (WBLiWeak Boundary Layer) is easy 
to be formed. This is considered to be the factor which checks the adhesive property of a 
polyimide film. 

[0005] this invention persons found out that this oligomer was easy to be accumulated 
near [ near a surface ] an addition particle interface, and the surface roughening 
aromatic series polyimide film from which the WBL layer near [ near a surface 1 an 
addition particle interface was removed found out that an adhesive property was 
improved. 

[0006] Therefore, a front face is damaged effectively and this invention offers the 
aromatic series polyimide film with which the adhesive property was improved. 
[0007] Moreover, after passing through rinsing processes, such as etching, an adhesive 
property is improved, and it is in offering the surface roughening polyimide film with 
which a pinhole cannot produce a thin film easily, either, and its manufacture approach. 
[0008] Furthermore, the approach of carrying out surface roughening of the polyimide 
film exposure part effectively is also offered, without hurting one's circuit, even if there 
is a metallic foil circuit selectively. 
[0009] 

[Means for Solving the Problem] It is the aromatic series polyimide film with which the 
particle contained this invention inside the film, and surface roughening of the front 
face was carried out. The mean particle diameter alpha of this particle (micrometer) and 
relation with the average of roughness height on the front face of a film (Ra) are 
expressed with following the (l) type. The relation between the average of roughness 
height on the front face of a film (Ra) and the maximum granularity (Rmax) is the 
surface roughening aromatic series polyimide fihn characterized by what is expressed 
with following the (2) type, and they are alpha / 5 <= Ra<alpha. (l) 
Rmax<10Ra (2 

Moreover, it is the manufacture approach of the above-mentioned surface roughening 
aromatic series polyimide film characterized by for specific gravity (d) distributing 
seven or less abrasive material into a liquid, and irradiating this on the front face of an 
aromatic series polyimide film. 



[0010] 

[Embodiment of the Invention] The polyimide film which has improved the adhesive 
properly in connection with this invention contains a particle. The reason containing a 
particle is for improving slipping nature, when rolling round immediately after film 
production. If a particle is not added, even if slipping nature worsens, a deep abrasion 
arises in the direction of MD and it carries out surface roughening at an after process, 
the muscle of the direction of MD may remain. 

[OOll] The desirable mean particle diameter of the particle added is 0.1 micrometers • 3 
micrometers. If it is this range, the sUpping nature of a film will also be good and a film 
tear will not produce it during film production. 

[0012] The mean particle diameter alpha of a particle (micrometer) and relation with 
the average of roughness height on the front face of a film (Ra) are expressed with 
following the (l) type, and, as for the aromatic series polyimide film in this invention, 
the relation between the average of roughness height on the front face of a film (Ra) and 
the maximum granularity (Rmax) is expressed with following the (2) type. 
[0013] alpha / 5 <= Ra<alpha (l) 
Rmax<10Ra (2 

Since WBL cannot fully remove [ Ra ] less than by alpha/5, the effectiveness of an 
adhesion improvement is small. Although the effectiveness of adhesion has enough Ra 
above alpha, the problem more than which a big and rough projection increases arises. 
[0014] Moreover, Rmax cannot reahze the uniform target surface roughening by this 
application at 10 or more Ra. Moreover, the problem which a pinhole produces arises 
with a thin film. 

[0015] As the desirable surface roughening approach, specific gravity (d) distributes 
seven or less abrasive material into a liquid, surface roughening is carried out by 
irradiating this (a film plane being sprayed), and, as for the specific gravity of an 
abrasive material, 0.8- 7 are desirable. 

[0016] If specific gravity exceeds 7, it may be difficult for things to make it distribute in 
a liquid, therefore processing spots may arise. 

[0017] Although an abrasive material is distributed by the liquid, it is desirable to use 
the liquid of non explosivility as this liquid. Water or alcohol is also desirable in respect 
of a price and the ease of dealing with it. Adding the decentralization agent of abrasive 
materials, such as a surfactant, in these liquids is also performed preferably. 
[0018] The viscosity of a liquid has the desirable range of 0.5 2 (mPa-s), and 150 degrees 
C or less have the good boiling point. 0.1 micrometers • 100 micrometers of diameters at 
the maximum equator of the magnitude of an abrasive material are desirable, and since 



spherical, a configuration can be used to a polygon. 

[0019] The liquid which the abrasive material distributed is irradiated with a 
compression gas. Air or nitrogen of a gas is desirable. Exposure rate 30 m/s to 100 m/s is 
desirable. 10 mm/s to 1000. m/s is desirable still more desirable, and processing speed is 
500 m/s from 50 mm/s. Although working efficiency is so good that processing speed is 
large, if it carries out early not much, processing spots will arise. As for the processing 
pressure force, 0.12 0.3 (MPa) are desirable. 

[0020] Since it is 0.4 0.6 (MPa), and high voltage tends to be applied and a liquid does 
not distribute, the processing pressure force of the conventional sandblasting processing 
can tend to do a pinhole, as the processing pressure force tends to be applied locally and 
mentioned above. 

[0021] It is desirable that the specific gravity (d) of an abrasive material and the content 
w of the abrasive material contained in a liquid (% of the weight) are expressed with 
following the (3) type. 
[0022] 

201nd<w<20hi(d)+50 (3) 

(However, In is a logarithm which sets the number of bottoms to e, and d is the specific 
gravity of an abrasive material.) It is 20hid+10<w<201n(d)+40 preferably 
[0023] By adjusting the content of an abrasive material to this range, processing spots 
can be prevented and the large polyimide film of the surface roughening effectiveness 
can be obtained. 

[0024] In this invention, since the abrasive material used is always covered with the 
liquid, it is not pierced like a sand mat. Since sink appearance is always carried out 
with a high-pressure liquid, a front face is pure and there are few foreign matters. 
Moreover, since it is distributing into the liquid, a detailed abrasive material can be 
used and uniform surface treatment can be performed. Moreover, since the adhesive 
improvement by the configiu-ation is expectable, a surface state does not change but 
there is also little adhesive aging. 

[0025] Moreover, it is better to contain a residual solvent a little, since the polyimide 
film by which siu-face treatment is carried out uses a liquid. It is 1% or less 0.001% or 
more as the content. 

[0026] Especially as a metallic foil circuit, when gold, copper, aluminum, etc. are used, 
six or less inorganic particle has desirable Mohs hardness as an abrasive material. 
Furthermore, it is five or less preferably and is inorganic or more 3 four or less particle 
most preferably. As for Mohs hardness, a calcium carbonate etc. is one of objects of the 
range of 3 4. 



[0027] Below, the surface roughening approach of the surface roughening polyimide film 
in connection with this invention is explained. 50 micrometers or less of 25 micrometers 
or less of polyimide films here are a thing 15 micrometers or less most preferably 
preferably [ say the thing from the thickness of 5 micrometers or more, and ]. 
[0028] As for the molecular structure of a polyimide film, it is desirable that a flexibility 
part is contained in an acid or a diamine component. Although a reason is not certain, it 
is presumed by processing the flexible part originating in a crookedness component 
specifically that it becomes easy to carry out surface roughening. Therefore, especially 
the polyimide film that consists of three or more components with a crookedness 
component and a straight-line component is desirable. 

[0029] As a particle to add, a 0.01 to 5 micrometers inorganic particle is preferably used 
for the first [ an average of] particle size. As a class of inorganic particle, although Si02, 
CaHP04, Ti02, calcium2P207, etc. are raised, especially the orthophosphate of an Ila 
group^s alkaline earth metal is desirable. By adding beforehand inside the film, a front 
face is made to generate a detailed projection, a surface state is controlled, and ****** 
which makes good especially the fihn performance traverse and handling nature before 
a surface roughening process and under processing is made. An addition is less than 
[ 10wt% ]. If 10wt(s)% is exceeded, it becomes easy to produce the film tear under film 
production, it may deal with it, and a sex may worsen at reverse. Although the 
minimum of an addition can be made smaU as long as the effectiveness that 
performance traverse is improvable can be discovered, it is about 10 ppm or more. 
[0030] Although there should just be thickness of a polyimide film substratum by 200 
micrometers or less, the approach of carrying out surface roughening sends into a 
mouthpiece the Uquid which the abrasive material distributed by the compressed air, 
and is irradiated on a polyimide film front face. It controls by whenever [ distance / from 
a mouthpiece /, and illuminating-angle ], and, the count of an exposure to the target 
surface roughness. 

[0031] Moreover, it is also possible to perform well-known processing processing after 
the above processings. It is also possible to perform for example, electric processing or 
spreading of an adhesion grant agent as after treatment. 

[0032] The polyimide film with which the adhesive property in connection with this 
invention has been improved is suitable as the base film, its covering film, or stiffener 
film (backing) of FPC. 
[0033] 

[Example] In the following example, unless it writes in a separate paragraph, all 
sections and percents are based on weight. 



It measured* by the [measurement and assessment] surface roughness scanning laser 
microscope (type 1 LM15, Lasertec make). One 200 times the microscope scale factor 
[ helium-Ne laser (wavelength: 632.8nm, CW:0.1mW) and ] of this, 0.6mm of 
measurement length, the cut off value of 0.025mm, and the value that averaged five 
measurement counts are said. 

[0034] The definition of Ra and Rmax (described also as Ry) is shown for example, in 
Jiro Nara work "a surface roughness appraisal method" (a united engineering center, 
1983). 

The box which put **** glass on the pinhole fluorescent lamp is prepared, and the point 
of putting a film on the **** glass and shining brightly is observed with the naked eye, 
and let the point of shining be a pinhole. 

The front face of the film of 2 is observed with an optical microscope 100cm of residual 
granular structure products, and the number of the polish particles which remained is 
observed. 
[0035] 

Zero piece ... [ ... Magnitude of x particle (D) ] 01-2 piece ... More than **3 piece 

The ultrathin section was cut down in the thickness direction, the 500 or more visual 

field location was changed for the about 1000 to 10, 000* time scale factor using the 

transmission electron microscope (JEOL JEM-1200E), the particle was observed, and it 

calcidated by the bottom formula. A particle image is processed with an image analyzer 

and it asks for the projected area diameter (Di) of a particle. 

[0036] D=sigma (Di/n) 

However, Di ... Projected area diameter n ... Using the sample after the initial surface 
preparation of particle number adhesion on-the-strength (l), the above-mentioned 
processing fihn and copper foil ("3 electrolytic copper-foil EC" 35-micrometer thickness) 
were laminated using acryhc adhesives ("piler RAKKUSU[ by E. I. du Pont de 
Nemours& Co, ]"), the hardening reaction of adhesives was performed in 185 degree Cx 
1 hour, and a film / adhesives / copper foil laminate (it considers as FC laminate below) 
was created. [ by Mitsui Mining and Smelting Co., Ltd. ] Obtained FC laminate was cut 
down for the with a width-of face die length [ 30cm die length of 10mm ] sample, and the 
tension test machine (tensilon universal testing machine UTAmade from A&D- 300 KN) 
performed the tension test of exfoliation 90 degrees by peel test speed 50 mm/min. Five 
averages were taken. 

(2) The sample after after [ water treatment ] surface preparation was dried in the oven 
of 110 degrees after immersion in water on the 1st, According to the assessment 
approach of the above-mentioned initial adhesion reinforcement, it carried out except 



using the sample. 

A hardness number is measured to the unit of 0.1 by whether it considers as a test piece 
with the same presentation as the particle added on a Mohs hardness £Qm, and the 
crystal structure, it scratches mutually with the normative mineral for Mohs hardness 
measurement, and a blemish is attached. 

The example 1 • product MICRO SURFACE ETCHER equipment made from 
6MAC0H0 was used, and surface treatment of "Kapton "H marketed, and KN and EN 
(Du Pont'Toray polyimide film [ all ]) was performed. Any film contained 10 ppm • 
100000 ppm of inorganic particles, and was 1 micrometer in mean particle diameter. 
[0037] processing conditions - as an abrasive material • the alumina (degree of 
hardness 9) of 800 meshes, the alumina of 2000 meshes, and the spherical siUca (degree 
of hardness 6) list of 800 meshes - • as a SOO mesh calcium carbonate (degree of hardness 
4) and a liquid - an ion*exchange-water list • ethanol and a mouthpiece it carried out 
by one count of processing 90 degrees whenever [ configuration 250mmx2mm / of 
opening /, EA pressure 1,5 kgf^cm2, processing speed 10 mm/s, irradiation range / of 
50mm /, and illuminating-angle ]. It rinsed after that and dried by the Ayr blow. 
[0038] About other conditions and a resxilt, it described in a table 1. 
Like the example 1 of a comparison ■ the example 1 of 3 comparisons, the liqxiid was not 
used but irradiated only the abrasive material on the fi^ont face, processing conditions • 
a mouthpiece - whenever [ configuration 250mmx2mm / of opening /, Ayr pressure 4.5 
kgfycm2, processing speed 10 mm/s, irradiation range / of 50mm /, and 
illuminating- angle ], 90 degrees, the alumina of 800 meshes was used as one count of 
processing, and an abrasive material, and it rinsed after that, and dried by the Ayr blow. 
The result was shown in a table 1. 

Double-sided processing was performed for example of comparison 4 corona discharge 
treatment under the conditions for 200 W/m2/. The result was shown in a table 1. 
[0039] 
[A table l] 
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A residual particle arises, and since surface roughness is not this application within the 

limits, the sandblasting approach which is not distributed with a liquid is not enough as 

adhesion reinforcement, as the examples 1-3 of a comparison showed. Moreover, the 

pinhole occurred with the film thin in the examples 1 and 3 of a comparison. 

[0040] Moreover, it turns out that a surface roughening process is not carried out but 

the adhesion reinforcement after water treatment falls only by electric processing. 

[0041] 

[Effect of the Invention] It is the aromatic series polyimide film with which the particle 
contained the surface roughening polyimide film of this invention inside the film, and 
surface roughening of the fi-ont face was carried out, and since the mean particle 
diameter alpha of this particle (micrometer), relation with the average of roughness 
height on the front face of a film (Ra), and the relation between the average of 
roughness height on the front face of a film (Ra) and the maximum granularity (Rmax) 
are controlled by the specific range, a front face is damaged efiectively and an adhesive 
property is improved. Moreover, since specific gravity (d) distributes seven or less 
abrasive material into a liquid and irradiates this on the front face of an aromatic series 
polyimide film, after passing through rinsing processes, such as etching, an adhesive 
property is improved, and the manufacture approach can obtain the surface roughening 
polyimide film with which a pinhole cannot produce a thin film easily, either. 
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